Abstract: Four new Aib-containing cyclopentapeptides have been synthesized by cyclization of the corresponding linear pentapeptides using the diethyl phosphorocyanidate (DEPC)/EtN(iPr)2 method. The linear precursors were prepared via the 'azirine/oxazolone method', i.e., the Aib units were introduced by the reaction of amino acids or peptide acids with a 2,2-dimethyl-2H-azirin-3-amine, followed by selective hydrolysis of the terminal amide function. 
1. Introduction. -Although cyclopeptides have been known for many decades, their structures, syntheses and biological activities are of continuing interest (see refs. cited in [1] ). With regards to their structures, cyclopeptides containing α-aminoisobutyric acid (Aib) are of special concern because of the conformation determining properties of α,α-disubstituted α-amino acids. Besides a few natural Aib-containing cyclopeptides [2] , several examples have been synthesized, e.g., tetra-
[3], penta-[4], and hexapeptides [5] , as well as examples with larger rings [6] .
Our studies toward the use of 2,2-disubstituted 2H-azirin-3-amines 1 as building blocks in the synthesis of peptides containing α,α-disubstituted glycines [7] proved that the 'azirine/oxazolone method' constitutes a convenient and efficient approach [8] . Based on this method, we have also prepared a series of cyclopeptides with Aib or other α,α-disubstituted glycines in their backbone [1] [9]. As expected on the basis of structural studies of Aib-containing peptides [10] , the β-turn motif is also a preferred structure of cyclopeptides with α,α-disubstituted glycines in the skeleton [1] [9] [11] .
In our recent publication [1] , we described the cyclization of several pentapeptides with 2-methylphenylalanine (Phe(2Me)) and one or two Aib units, e.g.
2,
to give the corresponding cyclopentapeptides, e.g., 3 (Scheme 1).
Scheme 1
In the present study, cyclopentapeptides with three to five Aib units were prepared.
Results and
Discussion. -The synthesis of the pentapeptides Z-Gly-AibAcb-Aib-Gly-OMe (4a, Acb = 1-aminocyclobutanecarboxylic acid) and Z-Gly-AibPro-Aib-Aib-N(Me)Ph (4b) have been described recently [12] . They were deprotected in the usual way: saponification of 4a with LiOH.H 2 O in THF/H 2 O/MeOH gave the peptide acid Z-Gly-Aib-Acb-Aib-Gly-OH (5a, 96%), and subsequent hydrogenolysis, either with H 2 /Pd/C in MeOH or with HCO 2 NH 4 /Pd/C in MeOH, led to H-Gly-Aib-Acb-Aib-Gly-OH (6a) in quantitative and 95% yield, respectively. Selective hydrolysis of 4b with 3N HCl in THF/H 2 O at room temperature yielded Z-Gly-Aib-Pro-Aib-Aib-OH (5b, 70%) [12] . The latter was deprotected at the N-terminus to give H-Gly-Aib-Pro-Aib-Aib-OH (6b) quantitatively (H 2 /Pd/C) and in 67% yield (HCO 2 NH 4 /Pd/C), respectively.
The cyclization of the two pentapeptides occurred smoothly by treatment with DEPC)/DIEA) 2 ) in DMF at room temperature to give the cyclopentapeptides 7a and 7b in 56 and 89% yield, respectively (Fig. 1) . The structures were elucidated on the basis of the spectroscopic data in comparison with those of the previously reported analogues [1] . For example, the dominant peak in the ESI-MS of 7a appeared at m/z For the attempted synthesis of cyclo(Gly-Aib-Aib-Aib-Aib) (7c), two linear pentapeptide precursors were prepared according to Schemes 2 and 3. Coupling of ZGly-OH with the known tetrapeptide amide 8 [13] using HBPyU/DIEA 3 ) gave 4c in 98% yield (Scheme 2). Deprotection of the latter in the usual way yielded 6c (90%), which was cyclized by treatment with DEPC/DIEA at room temperature for 17 h to give 7c in 66% yield.
Scheme 2
In the first attempt to prepare the alternative precursor 6d, the dipeptide acid 9
[13] was coupled with H-Gly-OMe to give, after saponification with LiOH.H 2 O in MeOH, Z-(Aib) 2 -Gly-OH (10) in 86% yield (Scheme 3). Subsequent coupling of the latter with H-(Aib) 2 -OMe (11a) 4 ), yielded the protected pentapeptide 4d (74%), whose structure was established by X-ray crystallography (Fig. 2) . Unexpectedly, all attempts to cleave the ester group by treatment with LiOH.H 2 O to give the pentapeptide acid failed. Therefore, the pentapeptide amide 4e was prepared by condensation of 10 with H-(Aib) 2 -N(Me)Ph (11b), which was obtained from Z- (50% probability ellipsoids, arbitrary numbering of atoms, H-atoms bonded to Catoms omitted for clarity) Suitable crystals of 4d for an X-ray crystal-structure determination were obtained from AcOEt/hexane by slow evaporation of the solvent. The molecule adopts an overall helical conformation (Fig. 2) . Each NH group of 4d acts as a donor for H-bonds ( 
ESI-and CI-MS:
Finnigan TSQ-700 and Finnigan SSQ-700 instrument, respectively; m/z (rel. %). phase was dried (Na 2 SO 4 ), and the solvent was evaporated.
General Procedure 1 (GP 1; Saponification of Peptide Methylesters

General Procedure 5 (GP 5; Cyclization with DEPC).
To a ca. 1.5×10
-3 M soln. of a deprotected pentapeptide (0.1 mmol) in DMF (67 ml) at 0° was added dropwise DEPC (0.2-0.4 mmol) and DIEA (1% v/v), and the mixture was stirred overnight at r.t. Then, DMF was evaporated and the residue purified chromatographically and crystallized.
General Procedure 6 (GP 6, Segment Condensation).
To a mixture of a Nprotected peptide (1 mmol), C-protected amino acid (1.1 mmol), and HBPyU (1 mmol) in CH 2 Cl 2 (1 ml) at r.t. was added DIEA (2 mmol; 3 mmol in the case of an amino acid chloride) and the mixture stirred for 1 h. Then, the solvent was evaporated, the residue was dissolved in AcOEt (20 ml), washed with aq. KHSO 4 (5%, 3×), aq. NaHCO 3 (5%, 3×), and aq. NaCl and purified by CC.
3. Synthesis of cyclo(Gly-Aib-Acb-Aib-Gly) (7a Crystals suitable for an X-ray crystal-structure determination were grown from AcOEt/hexane by slow evaporation of the solvent. 7. X-Ray Crystal-Structure Determination of 4d (see Table 3 and Fig. 2 ) 5 ).
Z-Aib-Aib-Gly-Aib-Aib-N(Me)Ph (4e
The measurements were made on a Rigaku AFC5R diffractometer using graphite- generator. The intensities were corrected for Lorentz and polarization effects.
Azimuthal scans of several reflections indicated no need for an absorption correction.
Equivalent reflections were merged. The data collection and refinement parameters are given in Table 3 , and a view of the molecule is shown in Fig. 2 . The structure was solved by direct methods using SHELXS86 [18] , which revealed the positions of all non-H-atoms. The non-H-atoms were refined anisotropically. The amide H-atoms were placed in the positions indicated by a difference electron density map and their positions were allowed to refine together with individual isotropic displacement parameters. All remaining H-atoms were placed in geometrically calculated positions and refined by using a riding model where each H-atom was assigned a fixed isotropic displacement parameter with a value equal to 1.2U eq of its parent C-atom (1.5U eq for the Me groups). The refinement of the structure was carried out on F 2 by using full-matrix least-squares procedures, which minimized the function Σw(F o 2 -F c 2 ) 2 . A correction for secondary extinction was applied. Neutral atom scattering factors for non-H-atoms were taken from [19] , and the scattering factors for H-atoms were taken from [20] . Anomalous dispersion effects were included in F c [21] ; the values for ƒ' and ƒ" were those of [22] . The values of the mass attenuation coefficients are those of [23] . The SHELXL-2014 program [24] was used for all calculations.
Legends Fig. 1 . Structures of the cyclopentapeptides 7a and 7b. Fig. 2 . ORTEP Plot [14] of the molecular structure of the pentapeptide 4d (50% probability ellipsoids, arbitrary numbering of atoms, H-atoms bonded to C-atoms omitted for clarity) 
